The authors have collected data on 10 cardiac, 3 nephritic and 1 diabetic patients.
DESPITE the more efficacious control of edema brought about by a better understanding of electrolyte metabolism, the application of acid-base and water balance principles and the development of effective diuretics, there remain certain groups of cardiac and nephrotic patients whose edema remains absolutely or relatively intractable. In our experience, one such group of patients manifest what we shall call the sump phenomenon which will be described in this report.
The authors have collected data on 10 cardiac, 3 nephritic and 1 diabetic patients.
Each had an accumulation of free fluid in either pleural or peritoneal spaces. Relief of edema in these patients was achieved by repeated aspirations of fluid from this space, which acted like a "low-pressure" area into which edema fluid readily seeped after each aspiration. In the intervals between aspirations there was little or no change in body weight, but signs of fluid in the sump increased, while From the Department of Medicine of the Great Falls Clinic and the Metabolic Unit, Montana Deaconness Hospital, Great Falls, Montana. This work was supported (in part) by a research grant H-150-C, from The National Heart Institute, U. S. Public Health Service.
Published in abstract form in the program of the Scientific Sessions of the Twenty-sixth Annual Meeting of The American Heart Association, Atlantic City, N. J., April 9, 1953, and the degree of peripheral edema decreased. In some of these cases, despite meticulous attention to the regime and repeated doses of mercurial diuretics, no relief of edema could be attained except through repeated aspirations of fluid from the sump. In the other cases, utilization of the sump for the mechanical removal of fluid proved of value in hastening the relief of edema and shortening the period of hospitalization.
It has been observed that in such patients, recurrence of peripheral edema is preceded by reaccumulation of fluid in the sump, and the appearance of edema can be forestalled by repeated tapping.
Most important of all, the authors have seen no deleterious effect of repeated aspirations in these patients.
METHOD AND MATERIAL
All but two of the patients reported in this paper were studied in the Metabolic Unit of the Deaconess Hospital. Daily fasting weights in the morning were recorded on a scale sensitive to 100 Gm. Twentyfour hourly urine specimens were collected daily, collections being started and ended at 6 A.M. daily, and their volumes recorded. The daily urinary excretions of chloride, sodium and potassium were determined. Analyses for the same electrolytes were carried out on fluid aspirated from the sump each time. The morning following admission, blood specimens were obtained in the fasting state for initial blood chemistry. The chemical determinations included sodium, potassium, chloride, carbon dioxide combining power, blood urea nitrogen and serum proteins. The same analyses were obtained at appropriate intervals and at the end of treatment. discharge. Subsequently, fluid reaccumulated in the abdomen and required tapping every 10 days over a period of many months. At the time of writing, he has been free of edema during the last 12 months. Case 2. F. J., a 52 year old man, had a high grade mitral stenosis resulting from recurrent episodes of rheumatic fever in childhood. Symptoms of cardiac decompensation started two years before he was seen by us in July, 1952. During the six months immediately preceding our study, he had been repeatedly hospitalized, with no relief following the institution of digitalis therapy, the customary low sodium diet with acid diuretics and frequent doses of mercurial diuretics. Massive right hydrothorax had been aspirated only a few times for mechanical relief of compression of the lung. On admission, he was deeply cyanotic, mentally confused, anasarcous; he had peripheral edema reaching half way up the torso, bilateral hydrothorax, ascites and marked hepatic congestion (lower border of the liver 5 inches below the right costal margin).
He was promptly redigitalized, placed in an oxygen tent and on a high-fluid, neutral diet and ammonium chloride regimen. Even Literature on the deleterious effects of abdominal paracentesis is confined mainly to observations in ascites associated with cirrhosis of the liver. Sustained and progressive lowering of blood pressure terminating in shock following drainage of large amounts of ascitic fluid is abundantly described in the literature. Lichtman' mentions the not too infrequent rapidly downhill course following a paracentesis. He attributes this to " . . . the loss of large amounts of protein, electrolytes, water and other vital substances." Cantarow9 warned against a steady fall in serum protein concentration due to dilution of blood plasma. On the other hand, Mircoli and Ferroni in 1940,10 reporting studies on cirrhotics conducted over a period of two to eight months, showed that withdrawal of ascitic fluid produced only a moderate reduction in the protein content of the blood in the majority of instances. Restoration of previous levels usually occurred within a week.
Eisenmenger and co-workers," who carried out extensive electrolyte studies on patients with cirrhosis of the liver, reported that in some patients aspiration of ascitic fluid causes an immediate and precipitous fall of serum sodium followed by gradual return to preaspiration levels. Gabuzda and coworkers'2 as well as Nelson and his co-workers'3 have reported the same observations. The latter emphasized the fact that such a drop in serum sodium following paracentesis is more apt to occur in patients with advanced cirrhosis of the liver.
A careful search of the literature has failed to reveal studies of the effect of repeated aspiration on blood proteins and electrolytes in congestive heart failure and glomerulonephritis. Nevertheless, the argument has been advanced that repeated paracentesis or thoracentesis might have the same deleterious effect in those two conditions as in cirrhosis of the liver.
DISCUSSION
The mechanical drainage of free fluid from serous cavities in congestive heart failure and in the nephrotic stage of glomerulonephritis has heretofore been advocated only for relief of compression of the lungs or of oppressive distension of the abdomen. Usually abdominal paracentesis is performed in nephritic patients with ascites in the hope, often vain, that "decompression" of the kidneys will initiate a diuresis.
Observations on the present series of patients have been described in detail in order to introduce the concept of the sump and to show that utilization of this phenomenon can be of tremendous help in the management of patients with absolutely or relatively intractable edema. In these cases, the stimuli directing the renal tubules to conserve sodium and water (desoxycorticosterone-like and antidiuretic hormones) are presumably so intense as to make elimination of excess body sodium and water via the kidneys impossible. Accordingly, to afford relief of edema in such cases, the kidneys have to be by-passed.
The clinical picture of a diminishing peripheral edema while fluid reaccumulated (with no weight increase) in the sump just aspirated; the series of chest x-ray films showing refilling of the sump following aspirations; and finally, the demonstration that a tagged material (D20) administered subcutaneously into an area with peripheral edema found its way into the body space involved, all prove unequivocally the existence of the sump phenomenon in the patients described.
In describing the effects of paracentesis in cirrhosis of the liver, Nelson made the same observation that following paracentesis, peripheral edema often decreased during the postaspiration period while ascites reaccumulated, with no change in body weight. This phenomenon has been observed by many clinicians in patients subjected to periodic aspirations because of ascites due to advanced heart disease or cirrhosis of the liver. There was relief of the tense, shiny distension of the lower extremities after aspiration as the abdominal fullness was recurring. However, the significance of the observation was not grasped, due to the failure to weigh the patients and to appreciate that a shift of edema fluid had occurred. The practice of removing several gallons of fluid only when absolutely necessary was the common practice then, and still is, even now.
It was observed in some of our cases that in order to forestall a recurrence of peripheral edema after dry weight had been attained, it was necessary to aspirate the sump at intervals for some months. Failure to do so after 500 ml. to 1500 ml. had collected in the sump was followed by the reappearance of peripheral edema, indicating that seepage from the sump was occurring in the opposite direction, i.e. out from the sump into the interstitial spaces.
Thoracenteses and paracenteses were performed 77 times in this series of 14 patients, and in no instance was the procedure followed by immediate or remote untoward reactions or complications. In those cases with massive hydrothorax (2800 ml. drained in one instance), the precaution of partial air replacement during the procedure, after aliquots of 400 to 600 ml. had been drained, was observed. No striking dyspnoea nor unrelievable pain developed, and no evidence of "pleural reflex" with or without cardiac inhibition was encountered. The procedure of air replacement prevented, of course, any undue negative pressure within the thorax, and produced a hydropneumothorax in which there was rapid absorption of the air and no excessively rapid refilling of the thorax with fluid.
Tight abdominal binders applied over large packs after abdominal paracentesis prevented the occurrence of shock or untoward disturbances even after drainage at one sitting of huge amounts of ascitic fluid amounting in one instance to 33.5 liters in one of our patients (not in this series), a man 62 years of age with arteriosclerotic heart disease, a record amount not exceeded since, in our experience.
In this series was a 7-year-old boy, R. W. with a body weight of 26.4 Kg (when edemafree) from whom more than 8 liters of abdominal fluid were drawn at one sitting without inducing any untoward reaction.
In almost all instances of abdominal paracentesis a prophylactic antibiotic (penicillin unless contra-indicated) was administered the day of and the day following the procedure. If drainage persisted beyond 48 hours the antibiotic was continued without interruption until the paracentesis site was closed. Similar protection was offered when aspiration of a pleural cavity was performed frequently in a frail or poorly nourished patient.
The fact that neither hypoproteinemia nor hyponatremia developed after repeated drainage of sump fluid in this series of cardiac and nephritic patients needs to be emphasized. Even From 27 to 99 per cent of the sodium and water eliminated, to achieve a dry weight, was removed mechanically, rather than coaxed out via reluctant kidneys. In some instances dry weight was achieved with a weight loss which corresponded very closely to the weight of the aspirated fluid. In the intervals between aspirations, the signs of fluid in the chest or abdomen increased as the signs of peripheral edema decreased without any change in total body weight. The fluid of the interstitial space and of the untapped space appeared to seep readily into the sump from which the fluid had just been removed.
In most instances after dry weight was reached, the usual regimen, which had been in force from the beginning but had proven ineffective, was effective in preventing reaccumulation of fluid. However, in some instances, it was observed that in order to anticipate or prevent a recurrence of peripheral edema and either hydrothorax or ascites, it was necessary to aspirate the sump at intervals for some months.
Failure to do so after 500 ml. to 1500 ml. had collected in the sump was followed by the reappearance of generalized edema, suggesting that seepage from the sump was occurring in the opposite direction.
The advantages of the recognition of the sump phenomenon are obvious in those patients in whom, because of intense hormonal stimulation of the renal tubules to conserve sodium and water, loss of edema is impossible in spite of proper attention to the usual regimen. As 
